The purpose of this study was to assess the level of chromium species in the discharged effluents of selected tanneries in the Amhara Region; Haik and Debre Berhan tanneries. The level of total chromium, and hexavalent chromium in the discharged effluent of the studied tanneries were determined using the ICP-OES, and UVVis spectrometry, respectively. The level of trivalent chromium species in the samples was then estimated by difference. Recovery results in the range 96.3 to 103.3% verified the applicability of the methods for the determination of the chromium species in the effluent samples. One way ANOVA statistical analysis was used to check whether the results between sampling months were statistically different or not. The mean concentration of Chromium (VI) before and after treatment in the effluent of Haik tannery was 0.618±0.076 and 0.123±0.064 ppm while in the effluent of Debre Berhan tannery, 0.070±0.009 and 0.039±0.005 ppm, respectively. Similarly, the average total chromium concentration before and after treatment in the discharged effluents of Haik and Debre Berhan tannery was 4,772.3±2.4 and 392.7±1.7 ppm, and 512.8±1.1 and 325.0±0.3 ppm, respectively. Although the average levels of chromium species over the sampling times looked not much higher than the permitted levels, some of the results indicated that the factories release effluent which is extremely loaded with chromium species including the most toxic form of chromium (hexavalent chromium). The assessment results in general showed the pollution of the river waters into which the studied tanneries are discharging their effluent.
INTRODUCTION
Water is an essential component for survival of life on earth, which contains minerals, important for humans as well as for earth and aquatic life (Arian and Kazi, 2008) . Water pollution is a serious environmental problem in the world. It is the degradation of the quality of water that renders water unsuitable for its intended purpose. Anything which degrades the quality of water is pollutant (Dixit and Tiwari, 2008; Zenabu Yirgu, 2011 ).
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Effective water management and control of pollution are very important for maintaining ecological balance and human well-being.
Inorganic pollutants especially mercury, cadmium, lead, copper, chromium and nickel discharged from industries get into human food chain, enter the human body and disturb biochemical processes leading to diseases such as skin allergies, dermatitis and ulcerations, cirrhosis of liver, skin cancer, etc (Satyajit and Sukalyan, 2012) .
Chromium is used in several industries such as metallurgical (steel, ferrous-and nonferrous alloys), refractory (chrome and chrome-magnesite) and chemical industries (pigments, dyes, electroplating, tanning, cooling water, leather and wood preservation and cement manufacturing).
As a consequence of these industrial activities, chromium compounds enter the environment causing pollution (Han et al., 2007; Hagendorfer et al., 2008) .
Chromium is a naturally occurring element present in water, sediments, rocks, soils, plants, biota, animals, and volcanic emissions under various chemical, physical, and morphological forms (Siraj et al., 2012) . The two main oxidation states of chromium, Cr(III) and Cr (VI) , present in natural waters, significantly differ in biological, geochemical and toxicological properties.
Over a narrow concentration range, trivalent chromium is considered essential for mammals for the maintenance of glucose, lipid and protein metabolism, whereas Cr(VI) is reported to have a toxic effect on humans (Lin et al., 2001; Monteiro et al., 2002) .
In a solution state, Cr (VI) may exist in three different ionic forms, such as hydro chromate (HCrO 4 -), chromate (CrO 4 2-) and dichromate (Cr 2 O 7 2-). Cr (VI) in the form of water-soluble complex anions in a surface-water which is rich in organic matter undergoes reduction to Cr(III) possessing a much shorter lifetime (Callahan et al., 1979) . The proportion of each ion of Cr (VI) in solution is pH dependent that in basic and neutral pHs, the chromate form predominates whilst at lower pH (6.0 to 6.2), the hydro chromate concentration pre-dominates (EPA, 1984; Dhungana and Yadav, 2009 ).
The high toxicity of Cr (VI) is related to its ability to cross the cell membrane and its strong oxidation properties (Girard et al., 1996) .
Hexavalent chromium is readily soluble in water and can be accumulated in soil and plants (Kumar et al., 1997) , while Cr(III) probably exists in environmental waters in the form of many different species: hydrolysed, complexed, and adsorbed on colloidal matter. Also, Cr(III) can undergo speciation changes from inorganic form to organic complex by plants, being transported as carboxylate complex (Juneva and Prakkash, 2008) . Although most of the chromium discharged from industries including tanneries is the trivalent chromium (Pankow et al., 1974) , in the natural environmental compartments like soil and water, the interconversion of Chromium species takes place readily, depending on pH, redox potential, and ligands available (Kumar et al., 1997) yielding the toxic chromium species (Cr (VI)).
The toxicological impact of chromium (VI) originates from the action of itself as an oxidizing agent, formation of free radicals during the reduction of Cr (VI) to Cr(III) occurring inside the cell, and its ability to pass through cellular membranes many orders of magnitude faster than does the chromium (III) species (Ricardo et al., 2009 Chrome-tanned leather tends to be softer and more flexible than vegetable-tanned leather, has higher thermal stability, is very stable in water, and takes less time to produce than vegetable-tanned leather making chrome tanning of choice (Ackay et al., 2003) .
The amount of chromium salt added for tanning being about 8% of the leather weight, 30%-40% of the total chrome added is not fixed to the leather and hence is discharged in the tannery effluent causing environmental pollution (Abass et al., 2005) . Besides, tannery wastewater is usually homogenized with the rest of industrial effluents causing the chrome component to precipitate as chromium hydroxide, thus retained in the sludge of the water treatment plants. Another environmental impact, which cannot be easily corrected in tannery wastewater, is salinity (Kotai and Stasicka, 2000) .
The dynamic inter conversion between Cr(III) and
Cr (VI) The study areas were mapped by Geographical Information System (GIS) using information obtained by Global Positioning System (GPS) and the study map is presented in Figure 1 . 
Sampling and sample collection
In this study, random sampling technique was used to collect effluent samples for three times (February 12 -13, May 07 -08, and May 27 -29, 2015) from the two tanneries. 1000 mL Polyethylene plastic bottles were prepared for sample collection first by washing with concentrated nitric acid and then rinsed with distilled water to avoid contamination. In both tanneries, samples were taken from the effluent stream just before entering the treatment plant and immediately after treatment plant. Tannery effluent samples from each sampling site were collected by direct immersion of bottles on effluent sample site. The photographs of the sampling sites of both tanneries are presented in Figure 2 .
Sample pre-treatment
All the tannery effluents collected from Haik and Debre Berhan tanneries before and after treatment were acidified by adding 10 mL of concentrated HNO 3 to each 1000 mL as soon as collected from the sampling sites. For UV-Visible spectrophotometer analysis, each acidified tannery effluent was also filtered with a quantitative filter paper in to a volume of 25 mL and preserved until the next real tannery effluent preparation step for analysis.
For ICP-OES analysis, acidified effluent samples were digested to destroy organic matter and other interfering matrices. 
Instruments and apparatus

Chemicals
1,5-diphenylcarbazide (98%, Hightech health care), Nitric acid (70%, Lobal chmie laboratory reagents and fine chemicals), Perchloric acid (70%, BLU-LUX laboratories), Ortho phosphoric acid (85.74%, Fisher scientific), potassium di-hydrogen phosphate (Titan Biotech Ltd), and potassium dichromate (BLULUX laboratories) all of which of analytical grade were used without prior purification. Distilled deionized water (DDW) was used for solution preparation throughout the work.
Solution preparation
Preparation of phosphate buffer solution
Phosphate buffer solution (PBS) of pH 2 was prepared by mixing the appropriate volumes of equimolar (0.1 M) phosphoric acid and potassium di-hydrogen phosphate solution. The pH of the mixture was adjusted using concentrated phosphoric acid and potassium di-hydrogen phosphate solutions.
Preparation of standard chromium solutions
Standard chromium (VI) stock solution of 1,000 ppm was prepared by dissolving 0.2829 g of K 2 Cr 2 O 7 in 100 mL volumetric flask with DDW. Intermediate standard solutions of 300 ppm and 100 ppm were prepared through dilution from the stock solution.
A blank (all in the absence of analyte) and five working standard solutions of different chromium for total chromium using the ICP-OES under optimized operating conditions (Praveen et al., 2010) summarized in Table 1 .
Preparation of real tannery sample solutions
A 25 mL effluent sample, previously filtered on a filter paper was transferred to a 100 mL volumetric flask. In a similar manner as in the working solutions' preparation, 1 mL of DPC was added to each 100 mL volumetric flask and diluted with pH 2 PBS up to the mark. The final real tannery sample solution was analyzed for Cr(VI) using the UVVisible spectrophotometer at a wave length of 540 nm.
In order to determine the total chromium content in the real tannery effluent samples using ICP-OES instrument, the effluent samples were digested using reported wet digestion procedure (APHA, 1998) with minor modification. Briefly: 50 mL of each sample was taken in to a 250 mL beaker and 10 mL of HNO 3 and HClO 4 mixture (1:1) was added to the sample, covered with watch glass and then digested for 1 hour at 120 0 C until a clear solution was obtained. Each digested outcome was allowed to cool and was diluted to 100 mL with DDW. Unlike the others, the digestion outcome of Haik before treatment was diluted to 1000 mL with DDW for the original sample solution was intense green color indicating relatively high chromium concentration. The two commonly used quality assurance methods are the percent recovery (%R) and method detection limit (MDL) (Nancy, 2001) . 
Recovery study and method detection limit
Statistical analysis of data
Tannery effluent samples were collected from
Haik and Debre Berhan tanneries before and after treatment in three sampling times. The collected samples were acidified, digested, filtered, and analyzed during which a number of random errors may be introduced. One way ANOVA (Analysis of Variance) was used to examine whether the results between months were statistically different or not.
RESULTS AND DISCUSSION
Determination of chromium (VI) in the discharged tannery effluents using UV-Visible Under the same conditions of analysis as for the working standard solutions, the absorbance of chromium (VI) in each of the tannery effluent samples was measured using UV-Visible spectrophotometry.
The chromium (VI) concentrations in the tannery effluent samples collected from Haik and Debre
Berhan tanneries in three sampling times are summarized in Table 2 . Although the allowed level of chromium (VI) in the discharged tannery effluent set by many countries is about 0.1 ppm (Jakov, 2005) , the limit set by WHO is in the range of 0.05 to 0.06 ppm (WHO, 1996) . As can be seen from Table   2 , while the average Cr (VI) 
Determination of total chromium in the discharged tannery effluents using ICP-OES
The total chromium concentration in tannery efflu- Table 3 .
As can be seen from the table, the total chromium concentrations in effluent samples collected from the discharged effluents of Haik and Debre Berhan tanneries just after the respective treatment plants were above the permissible limit set by Ethiopia 
Determination of chromium (III) in the discharged tannery effluents using the difference method
In this study, a "difference method" approach was han tanneries before and after treatment during the three sampling times is presented in Table 4 .
As shown in the table, the trivalent chromium concentration was about the same as the total chromium indicating that the fraction of chromium converted to Cr (VI) was very small. The detection of considerable amount of trivalent chromium in the discharged effluents of both studied factories during the three sampling times is in agreement with the report value by Abass et al. (2005) .
Comparison of analytical results
For each studied tannery factory, one way analysis of variance (ANOVA) statistical analysis at a confidence level of 95% was used to evaluate whether the average levels of chromium species in the discharged effluents sampled in different sampling times are significantly different or not.
One way ANOVA analysis for total chromium in samples collected before and after treatment revealed significant difference (p = 0.00) among the three sampling seasons from each tannery. The
Tukey pair wise analysis also confirmed that all possible pairs of average results are significantly different from each other.
One way ANOVA analysis for Cr(VI) amounts (VI) in real effluent of the tanneries after dilution; BT= Before Treatment; AT = After Treatment; and %R = Percent recovery in samples collected from Haik tannery just after treatment (p = 0.002) showed significant difference with sampling times. The same statistical conclusion (p = 0.000) was also revealed for the Cr(VI) amounts in the effluents collected from Debre Berhan tannery. These differences could be attributed to the difference in tanning steps the factories could be while samples were collected. * Concentration of total chromium in real effluent of the tanneries after dilution; BT= Before Treatment; AT = After Treatment; and %R = Percent recovery
Method verification
The ability to provide timely, accurate and reliable data is central to the role of analytical methods.
Method verification is the process of providing the acceptance of the developed analytical method for its intended purpose. Since there was no certified reference material (tannery effluent) in our laboratory, the validity of the procedures for UV-VIS
and ICP-OES analysis were checked by recovery studies. The percentage recovery for chromium (VI) and total chromium in the two tannery effluent samples before and after treatment are presented in Tables 5 and 6 .
As shown in the tables, the percentage recovery for
Cr (VI) and total chromium in the effluent samples were between 98.0 to 103.3% and 96.3 to 101.4%, 
Comparison of the results with permitted levels of chromium species
The maximum permitted level of chromium species in a tannery effluent discharged to a water body has been reported by different countries and WHO.
Thus, comparison of the level of chromium species
detected in the discharged tannery effluents of the studied factories with the permitted levels by different countries (guidelines) may help concerned stakeholders to evaluate the extent our tannery fac-tories are pollution the environment. The level of chromium species in the discharged effluent of the studied tanneries versus the permitted levels by different countries is summarized in Table 7 .
Surprisingly, the average total chromium concentration in the discharged effluents of Debre Berhan and Haik tanneries were over 100 folds of magnitude of the National permitted limit. Although the average hexavalent chromium level in the discharged effluent of Debre Berhan tannery is slightly below the limit of the Ethiopian guideline, that of Haik tannery is still above the permitted level confirming the severity of pollution.
CONCLUSIONS
The level of chromium species (total, hexavalent, and trivalent chromium) in the discharged effluents Since the level of total chromium in the discharged tannery effluent of both studied factories is in a 100 folds higher than the permitted level, the efficien- 
